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(54) Ink-jet recording material having a polymer matrix coating 

(57) The present invention is directed to a polymer 
matrix coating used for Inkjet media. The polymer matrix 
coating has a glass transition temperature that is greater 
than or equal to about 120*C arxJ less than or equal to 
about 300°C. an integrity value of greater than or equal 
to about -20% and a swellability of greater than or equal 
to about 50%. The coating avoids the problem of pigment 
ink cracking that can occur in conventional ink jet media. 
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Description 

Field of the Invention 

This invention relates to a polymer matrix coating, and more particularly to a polymer matrix coating that can be 
used for ink jet media that receive pigmented inks. 

Background of the Invention 

Recently, pigmented inks have been used for ink jet printing to enhance density, color fidelity and reduce color fade. 
For example, such an ink has been used with a Hevvlett-Packard DeskJet 1 200C printer and gave excellent ink jet print 
quality. However, pigmented inks present a challenge for ink jet media development due to pigmented ink cracking. In 
this regard, such cracking reduces optical density and image resolution. There is an urgent need to have an ink jet 
medium that can be used with pigmented inks, while avoiding the problem of pigmented ink cracking. 

Summary of the Invention 

An object of the present invention is to provide a polymeric matrix coating that can be used for ink jet media. Another 
object of the present invention is to provide a polymer matrix coating that can reduce or eliminate pigmented ink cracking 
problems, and at the same time give excellent optical density and image resolution when used for ink jet media. 

Accordingly, the invention provides a polymer matrix coating that meets the above objects and which can be used 
in an ink jet media for receiving a pigmented ink. More specifically, the present invention provides an Inkjet media which 
comprises an ink receiving polymeric matrix coating that possesses: 

a glass transition temperature (Tg) greater than or equal to about 1 20 (preferably greater than or equal to about 
130''C) and less than or equal to about 300*'C (preferably less than or equal to about 260*C). 

an integrity value of greater than or equal to about -20% (preferat^y greater than or equal to about -10%) as 
calculated using the integrity value % equation set forth herein, and 

a swellability of greater than or equal to about 50% (preferably greater than or equal to about 1 00%) as calculated 
using the swellability % equation set forth herein. 

Detailed Description of the Invention 

The following Detailed Description (including the Exannples set forth) is provided as an aid to those desiring to 
practice the present invention. It is not to be construed as being unduly limiting to the present inventive discovery, since 
those of ordinary skill in the art will readily recognize that the embodiments of the Inventors' discovery disclosed herein 
may be modified using standard techniques and materials known in the art. without departing from the spirit or scope 
of the present inventive discovery. 

The polymer rr^atrix coatings provided to ink jet films according to the present Invention can be either single-layer 
or multi-layer structures. In either case, the polymer matrix coatings contain at least one water-soluble component. The 
water-soluble conrponent of the polymer matrix provides ink sorptivity to the polymeric matrix. The water-soluble com- 
ponent can reside in any layer of the provided polymer matrix coatings. 

Typically, suitable water-soluble components which may be used in the polymeric matrix coatings of the inventive 
ink jet films shouW be soluble in water in an amount of about at least 1% (preferably in an amount of about at least 3%). 
on a wt/wt basis of the water-soluble component in water at a tenperature in the range of about 5'C to about lOO'C. 
Preferably, the water-soliAle corrponent is a component of a polymer Exemplary of such water-soluble components 
are the folicvifing: po!y(vinyt BiCQ^di), cellulose esters, poly( vinyl pyrrolidone). gelatins. poly(vinyl acetate), starch, 
poly(acrylic acids). poly(ethytene oxide), proteins, hydroxypropyl cydodextrin. poty(2-ethyt-2-oxazoline). alginates, and 
water-soluble gums, and the like. 

The polymer matrix coating also contains water-insoluble components. Preferably, the water-insoluble component 
is a componem of a polymer. The water-insoluble components are employed to adjust the coating solubility, coating 
swellability. coating strength, coating flexit)ility, coating tackiness, etc. Exenrplary of such water-insoluble components 
are 2-hydroxyethyl methacrylate, hydroxypropyl methaaylate, 2,3-dihydroxypropyl methacrylate. styrene. 5-hydroxy-3- 
oxapentyl methacrylate, 8-hydroxy-3.6-<Soxaoctyl methacrylate. N-hydroxyethyi acrylamide. urethane. N-hydroxymethyl 
acrylamide. dimethylaminoethyl methacrylate. alkyi methacrylate, N-methyloacrylarrtide and hydroxypropyl acrylate, and 
the like. Typical water-insoluble components can also include crosslinked derivatives of water-soluble components like 
those desaibed above. 

The water-solutDle or water-insoluble conponents which can be used in the inventive ink jet media herein disclosed 
can be in the form of a monomer, an oligomer, a homopolymer. a copolymer or a polymer blend, provided that they 
otherwise meet the parameters set forth herein. 
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The drying prcx:ess of a pigmented ink when applied to a polymeric coating of an ink jef media is complicated. First, 
the polymer coating absorbs the ink vehide and swells. Then, as the ink vehicle evaporates, the polymer coating shrinks* 
This deformation of the polymer coating can cause the pigmented ink to aack. The cracking is observed as a non- 
uniform distribution of the pigmented ink on the coating surface as well as a reduced optical density. Voids are usually 
also observed on the cracked ink surface. To avokj pigmented ink cracking, the Inventors have discovered that the 
integrity and rigidness of the polymeric coating must be preserved during printing. In this regard, the Inventors have also 
discovered that the relatively tough polymer matrix coatings provided herein are capable of maintaining their integrity 
and rigidness during printing and are capable of reducing or eliminating pigmented ink cracking. 

Since the glass transition temperature (Tg) of a polymer can be used as an indicator of the polymer's structure, the 
present Inventors deduced that the structure of a polymeric matrix coating could also be probed by its glass transition 
temperature, and that a polymeric matrix's Tg couW even be used as a criteria for achieving a suitable polymer matrix 
coating design. For example, a high glass transition temperature implies a compact and rigid polymer sti-ucture. while 
a low glass transition temperature implies an open and flexible polymer structure. To resist ink vehicle attack arxJ sustain 
volume change upon printing, the Inventors discovered that at least one polymeric matrix coating layer having a Tg that 
is greater than or equal to about 1 20**C (preferably greater than or equal to about 1 SO'C) and less than or equal to about 
300"C (preferably less than or equal to about 260'C). should be present in their inventive Inkjet media, if the objects of 
the invention are to be met. This also implied that for copolymers and polymer blends that have more than one glass 
transition temperature, at least one of the glass transition temperatures should be greater than or equal to about 120*C 
(preferably greater than or equal to about 130*C) and less than or equal to about 300'C (preferably less than or equal 
to abou 260*C),in the inventive media. 

The glass transition temperature is measured on a Differential Scanning Calorimeter (TA Instruments. Model DC 
2910). calibrated with appropriate standards. Using such an insfrument. the reading and baseline errors from replicate 
DSC experiments lead to a typical accuracy in measuring Tg.of about 3*C. Measurements of heat flow versus temper- 
ature are made upon heating in the range of about 40 to 200''C at a heating rate of 10*C/minute. The sample chamber 
is purged with dry niti-ogen. Film-like samples are encapsulated in an aluminum pan. The midpoint method (i.e.. identi- 
fication of the maximum of the derivative of heat flow versus temperature curve) is used to obtain Tg data from the 
measured DSC cun/e. 

The structures of the polymer matrix coating layers present in the Inventor's ink jet media can also be probed accord- 
ing to their integrity values. An integrity value indicates the degree that a polymer coating maintains its integrity in water. 
The integrity value can be either positive or negative. A negative value indicates that a dissolution of the polymer coating 
occurs in water. Integrity values are measured according to the following procedure. A sample (approximately 2"x l ") of 
a polymer matrix coating is weighed and then immersed in water (about 25'C) for about 1 5 seconds. The excess water 
on the surface of the sample is then removed by blotting the surface with a XEROX® 4200 paper. The sanple is then 
weighed again. The same sample is re-immersed in water for an additional 45 seconds. Then the same blotting and 
weighing procedures are again followed. The integrity value is then calculated as expressed below: 

Integrity value (%) = ((W - W ^gj/W ,5] x 100% 

wherein. 

Weo is the weight at 60 seconds immersion, and 
W,5 is the weight at 15 seconds immersion. 

To resist ink vehicle attack and sustain volume change upon printing, the Inventors have discovered that at least 
one of the polymer matrix coating layers in their inventive media should have an integrity value of greater than or equal 
to about -20% (preferably greater than or equal to about -10%) as measured using the above test procedure. 

The polymer matrix coating disclosed in the present invention shouW be sweilable in water at about 25'C. The 
swel lability of the coating is measured according to the following procedure. A sample (approximately 2" x 1 ") of a polymer 
matrix coating is weighed and then immersed in water for about 60 seconds. The excess water on the surface of the 
sample is then renvDved by blotting the surface with a XEROX® 4200 paper. The sample is then weighed again. The 
sweilabtiity of the coating is calculated as expressed below: 

w - w 

Swellability (%) = — — 5 x 100 

wherein Wm is the weight at 60 seconds immersion, and 
wherein Wo is the weight before immersion. 
The swellability of the polymer matrix coatings of the present inventwn should be greater than or equal to about 
50% (preferably greater tf^ or equal to about 100%). 
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It is also thought important that the provided polymer matrix coatings be imageable or have an acceptable image ^ 
quality. Accordingly, the poiymer matrix coatings should be able to receive ink and form images. Preferably, the optical 
density of a black color image should be greater than or equal to about i .70 ^preferably greater than or equal to about 
1 .80) on a transparency substrate having coated on a surface thereof a polymeric matrix coating as provided for herein. 
The optica] density is preferably measured on a Macbeth TD904 Densitomer using a beige filter setting and a 4 mm 
aperture, with the final density reading being an average of at least three reaaings. 

In order to prepare an ink jet media encompassed hereby the polymer matrix coatings disclosed herein can be 
applied to any suitable base substrate generally used to prepare an ink jet media. Exemplary of such base substrates 
are transparent plastics, translucent plastics, matte plastics, opaque plastics or papers. Furthermore, suitable polymeric 

JO materials for use in such base substrates include polyester, cellulose esters, polystyrene, polypropylene. poly( vinyl ace- 
tate). polycartx>nate. and the like. Poly{ethylene terephthalate) films are thought to be particularly preferred as base 
substrates. Further, while almost any paper can be used as a base substrate, clay coated papers are particularly preferred 
as base substrate papers. The thickness of the base substrate is not particularly restricted, but should generally be in 
the range of from about l to about 10 mils (preferably from about 3.0 to about 5.0 mils). The base substrate may be 

'5 pretreated to enhance the adhesion of coatings thereto. 

According to a preferred embodiment of the invention, the polymer matrix coatings encompassed by the present 
invention additionally contain about 0. 1 to about 15 wt/wt% of particulate{s) based on the weight of the dry coatings. 
The particulate(s) can be used in the polymeric matrix coatings to modify the properties of the coatings, and include 
inorganic particulates, such as silica, alumina, kaolin, glass beads, calcium cartx)nate and titanium oxide, as well as 

20 organic particulates such as polyolefins. polystyrene, starch. poly(methyl methacrylate). poly(urethane) and poly- 
tetrafluoroethylene. 

In practice, various additives may also be employed in the disclosed polymeric matrix coatings, if so desired. These 
additives can include surface active agents which control the wetting or spreacing action of coating solutions, antistatic 
agents, suspending agents, and acidic compounds to control the coatings' pH values. Other art recognized and con- 
25 ventional additives may also be used if so desired. 

The surface of the base substrate which does not bear the polymer matrix coating may have a backing material 
placed thereon in order to reduce electrostatic charge and to reduce sheet-to-sheet friction and sticking, if so desired. 
The backing material may be either be a polymeric coating, a polymer film or oaper. 

Any of a number of coating methods nnay be employed to coat the polymer matrix onto the substrates. Methods 
30 such as roller coating. Wade coating, wire-bar coating, dip coating, extrusion coating, air knife coating, curtain coating, 
slide coating, doctor coating or gravure coating, may be used and are well known in the art. 

The following examples are given merely as illustrative of the invention and are not to be considered as limiting to 
the present inventive discovery In the following Examples, the solid content for the listed ingredients is provided based 
on a part/part (wt/wt) basis. 

35 

EXAMPLE 1 

A coating composition is prepared according to the following famulation; 
'0 Polymer matrix coating : 



1 — ■ 1 

rvr K^* 


Imparts 


Copolymer A2 


16 parts 


Methyl Ethyl Ketone 


86 parts 


Prc^ylene Glycol Monomethyl Ether 


25 parts 



1. Poly{vinyl pyrrolkJone). ISP Corpaatton 

2. A Copolymer of methyl methacrylate and 
hyd'oxyethyl methaaytate 



The coating is applied to a polyester film (ICI Films) using a No. 54 Meyer rod. The polymer matrix coating is dried 
at about 1 30^0 for about 2 minutes. 
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EXAMPLE 2 

A coating composition is prepared according to the following formulation: 
Polymer matrix coating - 



PVP K120' 


19 parts 


Poly(methyl methacrylate)2 


6 parts 


Methyl Ethyl Ketone 


106 parts 


Propylene Glycol Monomethyl Ether 


70 parts 



1 . Poiy(viny( pyrrolidone). ISP Corporation 

2. Rohm and Hass Corporation 



The coating is applied to a polyester film (ICI Films) using a No. 54 Meyer rod. The polymer matrix coating is dried 
at about 1 30'*C for about 2 minutes. 

COMPARATIVE EXAMPLE I 

A coating composition is prepared according to the following formulation: 



PVP K90 


15 parts 


Methyl Ethyl Ketone 


60 parts 


Propylene Gycol Monomethyl Ether 


25 parts 



The coating is applied to a polyester film (ICI Film) using a No. 54 Meyer rod. The polymer matrix coating is dried 
at about 130*C for about 2 minutes.^ 

COMPARATIVE EXAMPLE II 



A coating composition is prepared according to the following formulation: 
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Polymef matrix coatino : 



PVP K90 


12 parts 


Copolymer A 


4 parts 


Glyceryl Triacetate^ 


3 parts 


Methyl Ethyl Ketone 


51 parts 


Propylene Glycol Monomethyl Ether 


34 parts 



1 . Eastman Chemicat Corporation 



The coating Is applied to a polyester film (ICI Films) using a No. 54 Meyer rod. The polymer matrix coating is dried 
at 1 30 *C for about 2 minutes. 

20 

COMPARATIVE EXAMPLE III 

XEROX® ink jet transparency film (3R3351. Lot number XRCCDPB90-808-01). 

25 Pigmented ink cracking is evaluated for the above Examples on a Hewlett Packard DeskJet 1200C printer using an - 
HP 5 1 640 A ink cartridge. 

Glass transition tempjeratures (Tg). integrity values and ink cracking measurements of the polymer matrix coatings 
in the above Examples are presented in Table t. The pigmented ink cracking is quantitatively rated in Table I with a 
numerical scale (O=worst and 5=best). When ink cracking is rated below 3. visible ink cracking is observed arxl the ink 
30 jet media are not deemed suitable for many commercial applications. 



Table I 



Glass Transition Temperature, Integrity Value and Ink Cracking 


Example 


Tg ec) 


Integrity Value (%) 


Ink Cracking 


1 


165 


7 


4 


II 


167 


8 


5 


CI 


162 


-71 


0 


CM 


92 


3 


2 


cm 


142 


-76 


2 



The above results show that the presently disclosed inventive ink jet media exhibit a large advantage in avoiding 
pigmented ink cracking, when compared with the comparative ink jet media Examples CI-CIII having either Tg or integrity 
values falling outside those required in the present invention. Specifically, in Examples CI and CI II. the measured integrity 
so values were less than those provided for in the present inventive media, and in Example Cll, the measured Tg value 
was less than that provided for in the present inventive media. 

It is noted that while ink cracking is evaluated in the above Examples on a Hewlett Packard Deskjet 1 200C. pigmented 
ink cracking can also be. and preferak)ly is. evaluated on the ink jet printer, plotter or copier used in the intended appli- 
cations. 

55 The present inventwn being thus desaibed. it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit arxj scope of the invention, and all such nxxjifications 
as would be obvious to one skilled in the art are intended to be included within the scope of the following clainns. 



6 



EPO 716 929 A1 



Claims 

1 . An ink jet medium, con^rising a base substrate that has coated on a surface thereof a polymer matrix coating that 
can receive a pigmented ink and which contains at least one layer having a glass transition tempe-ature that is 
greater than or equal to about 1 20'C and less than or equal to about 300'C. an integrity value greater :nan or equal 
to about -20% and a sweilability greater than or equal to about 50%. 

2. The ink jet medium according to claim l. wherein said polymer matrix coating contains at least one water-sotuble 
component. 

3. The ink jet medium according to claim 2. wherein said water-soluble component is soluble in water in =n amount of 
about at least i% on a wtAvt basis at a temperature in a range of about 5"C to about lOO^C. 

4. The ink jet medium according to daim 1 . wherein said polymer matrix coating contains at least one wsier-insoluble 
component. 

5. The ink jet medium according to claim l. wherein said polymer matrix coating contains at least one water-soluble 
component and at least one water-insoluble component. 

6. The ink jet medium according to claim 5. wherein: said water-soluble component is soluble in water in an arrxjunt 
of about at least ^% on a wt/wt basis of the water -soluble component in water at a tenperature in a range of about 
5'C to about lOO'C. 

7. The ink jet medium according to claim 2. wherein said water-soluble component is selected from the grouo consisting 
of polyvinyl alcohol), cellulose esters, poly(vinyl pyrrolidone). gelatins. poly(vinyl acetate), starch. poly(c:rylic acids). 
poly(ethylene oxide), proteins, hydroxypropyl cyclodextrin. poly(2-ethyl-2-oxa2oline). alginates and water-soluble 
gums. 

8. The ink jet medium according to claim 4, wheran said water-insoluble component is selected from the group con- 
sisting of 2 -hydroxy ethyl methacrylate. hydroxypropyl methacrylate. 2.3-dihydroxypropyl methacrylate. styrene. 5- 
hydroxy-3-oxapentyl methacrylate. 8-hydroxy-3.6-dioxaoctyl methacrylate. N-hydroxyethyl acrylamide. jrethane. N- 
hydroxymethyl acrylamide. dimethylaminoethyl methacrylate. aikyi methacrylate. N-methyloacrylamide and hydrox- 
ypropyl acrylate. 

9. The ink jet medium according to claim 1 . wherein said polymer matrix coating possesses a single laye.'- structure. 

10. The ink jet medium according to claim l. wherein said polymer matrix coating possesses a multi-layer structure. 

1 1. The ink jet medium according to claim 1 . wherein said polymer matrix coating upon receiving a pigmented ink gives 
a black image optical density of greater than or equal to about l .70 on a transparent substrate. 

12. The ink jet medium according to daim 1. wherein said polymer matrix coating possesses multiple dass transition 
temperatures and wherein at least one of said glass transition temperatures is greater than or equal to about 120*C 
and less than or equal to about 300*C. 

1 3. The ink jet medium according to daim 1 . wherein said polymer matrix coating comprises an inorganic particulate 
whk:h is selected from the group consisting of silica, alumina, kaolin, glass beads, caldum cartwnate and titanium 
oxide. 

14. The ink jet medium according to daim 1. wherein said polymer matrix coating comprises an organic particulate 
which is selected from the group consisting of polyolefins. polystyrene, starch, poty(methyl methacrylate). poly(ure- 
thane). and polytetrafluoroethylene. 

1 5. An ink jet medium, comprising a base substrate that has coated on a surface thereof a polymer matrix coating that 
can receive a pigmented ink. and which contains at least one layer having a glass transition temperature that is 
greater than or equal to about 1 20»C and less than or equal to about SOO'C, an integrity value greater than or equal 
to about -20%. and a sweilability greater than or equal to about 50%; and 

said polymer matrix coating comprising a water-soluble component which is solutsle in water in an amount 
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of about at least l% on a wt/wt basis of the water-soluble component in water at a temperature in a range of about 
to about 100"C. and a water- insoluble component. 
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(57) The present invention is directed to a polymer 
matrix coating used for ink jet media. The polymer matrix 
coating has a glass transition temperature that is greater 
than or equal to about 120'C and less than or equal to 
about 300*'C. an integrity value of greater than or equal 
to about -20% and a swellability of greater than or equal 
to about 50%. The coating avoids the problem of pigment 
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Description 

Reid of the Invention 

5 This invention relates to a polymer matrix coating, and more particularty to a polymer matrix coating that can be 

used for ink jet media that receive pigmented inks. 

Sackoroimd of the Invention 

'c Recently, pigmented inks have been used for ink jet printing to enhance density, color f idelity and reduce color fade. 
For example, such an ink has been used v/ith a Hevvlett-Packard DeskJet 1200C printer and gave excellent Inkjet print 
quality. However, pigmented inks present a challenge for ink jet media development due to pigmented ink cracking. In 
this regard, such cracking reduces optical density and image resolution. There is an urgent need to have an ink jet 
medium that can be used with pigmented inks, while avoiding the problem of pigmented ink aacking. 

Summary of the Invention 

An object of the present invention is to provide a polymeric matrix coating that can be used for ink jet media. Another 
object of the present invention is to provide a polymer matrix coating that can reduce or eliminate pigmented ink aacking 
2c problems, and at the same time give excellent optical density and image resolution when used for ink jet media. 

Accordingly, the invention provides a polymer matrix coating that meets the above objects and which can be used 
in an Inkjet media for receiving a pigmented ink. More specifically, the present invention provides an ink jet media which 
comprises an ink receiving polymeric matrix coating that possesses: 

a glass transition temperature (Tg) greater than or equal to about 1 20'C (preferably greater than or equal to about 
2S 130*C) and less than or equal to about 300*C (preferably less than or equal to about 260^0), 

an integrity value of greater than or equal to about -20% (preferably greater than or equal to about -10%) as 
calculated using the integrity value % equation set forth herein. arvJ 

a swellabtlity of greater than or equal to about 50% (preferably greater than or equal to about 100%) as calculated 
using the sweflability % equation set forth herein. 

Detailed Description of the Invention 

The following Detailed Oesaiption (including the Examples set forth) is provided as an aid to those desiring to 
practice the present invention. It is not to be construed as being unduly limiting to the present inventive discovery, since 
those of ordinary skill in the art will readily recognize that the embodiments of the Inventors' discovery disclosed herein 
may be modified using standard techniques artd materials known in the art, without departing from the spirit or scope 
of the present inventive discovery. 

The polymer matrix coatings provided to ink jet films according to the present invemion can be either single-layer 
or multi-layer structures. In either case, the polymer matrix coatings contain at least one water-soluble component. The 

*o water-soluble component of the polymer matrix provides ink sorptivity to the polymeric matrix. The water-solut)le com- 
ponent can reside in any layer of the provided polymer matrix coatings. 

Typically, suitable water-soluble components which may be used in the polymeric matrix coatings of the inventive 
ink jet films shoukl be soluble in water in an amount of about at least 1% (preferably in an amount of about at least 3%), 
on a wt/wt basis of tfie water-soluble component in water at a temperature in the range of about 5'C to about 100'C. 

4S Preferably, the water-soluble component is a component of a polymer. Exemplary of such water-soluble components 
are the following: poly(vinyt alcohol), cellulose esters. poly(vinyl pyrrolidone), gelatins, poly(vinyt acetate), starch, 
poly(acrylic adds). poly( ethylene oxide), proteins, hydroxypropyl cydodextrin. poly(2*ethyl-2-oxa2oline). alginates, and 
water-soluble gums, and the like. 

The polymer matrix coating also contains water-insoluble components. Preferably, the water-insoluble component 

50 is a component of a polymer. The water-insoluble components are employed to adjust the coating solubility, coating 
sweliabitity, coatir>g strength, coating flexibility, coating tackiness, etc. Exemplary of such water-insolubte components 
are 2-hydroxyethyl methacrylate. hydroxypropyl methaaylate. 2,3-dihydroxypropyl methacrylate. styrene. 5-hydroxy-3- 
oxapentyl methacrylate. 8-hydroxy-3,6-dioxaoctyl methacrylate, N-hydroxyethyl acrylanide. urethane. N-hydroxymethyl 
acrylamide. dimethylaminoethyl methacrylate, alkyl methacrylate. N-methyloacrylamide arxi hydroxypropyl acrylate. and 

55 the like. Typical water -insoluble components can also include crosslinked derivatives of water-soluble components like 
those descrtoed above. 

The water-soluble or water-insoluble components which can be used in the inventive ink jet media herein disclosed 
can be in the form of a monomer, an oligomer, a homopolymer. a copolymer or a polymer tslervj. provided that they 
otherwise meet the parameters set forth herein. 
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The drying process of a pi^ented ink when applied to a polymeric coating of an ink jet media is complicated. First, 
the polymer coating absortjs the ink vehicle and swells. Then, as the ink vehide evaporates, the polymer coating shrinks. 
This defamation of the polymer coating can cause the pigmented ink to crack. The cracking is observed as a non- 
uniform distribution of the pigmented ink on the coating surface as well as a reduced optical density. Voids are usually 
also observed on the cracked ink surface. To avoid pigmented ink cracking, the Inventors have discovered that the 
integrity and rigidness of the polymeric coating nmistbe preserved during printing. In this regard, the Inventors have also 
discovered that the relatively tough polymer matrix coatings provided heran are capable of maintaining their integrity 
and rigidness during printing and are capable of reducing or eliminating pigmented ink cracking. 

Since the glass transition temperature (Tg) of a polymer can be used as an indicator of the polymer s structure, the 
present Inventors deduced that the structure of a polymeric matrix coating couW also be probed by its glass transition 
temperature, and that a polymeric matrix's Tg couW even be used as a criteria for achieving a sutaWe polymer matrix 
coating design. For exampie. a high glass transition tenperature implies a compact and rigid polymer structure, while 
a low glass transition temperature implies an open and flexWe polymer structure. To resist ink vehide attack and sustain 
volume change upon printing, the Inventors discovered that at least one polymeric matrix coating layer having a Tg that 
is greater than or equal to about 1 20*C (preferably greater than or equal to about 1 30"C) and less than or equal to about 
300 'C (preferably less than or equal to about 260*C). should be present in their inventive ink jet media, if the objects of 
the invention are to be met. This also implied that for copolymers and polymer blerxte that have rrore than one glass 
transition temperature, at least one of the glass transition temperatures should be greater than or equal to about 120*C 
(preferably greater than or equal to about 130'C) and less than or equal to about 300*C (preferably less than or equal 
to about 260''C).in the inventive media. 

The glass transition temperature is measured on a Differential Scanning Calorimeter (TA Instruments. Model DC 
2910). caltorated with appropriate standards. Using such an instrument, the reading and baseline enors from replicate 
DSC experiments lead to a typical accuracy in measurlr>g Tg of about 3*C. Measurements of heat flow versus temper- 
ature are made upon heating in the range of about 40 to 200*C at a heating rate of lO'C/minute. The sample chamber 
is purged with dry nitrogen. Film-like samples are encapsulated in an aluminum pan. The midpoint method (i.e.. identi- 
fication of the maximum of the derivative of heat flow versus temperature curve) is used to obtain Tg data from the 
measured DSC curve. 

The structures of the polymer matrix coating layers present in the Irrventor's Inkjet media can also be probed accord- 
ing to their integrity values. An integrity value indicates the degree that a polymer coating rr^ntains its integrity in water. 
The integrity value can be either positive or negative. A negative value indicates that a dissolution of the polymer coating 
occurs in water. Integrity values are measured according to the following procedure. A sanple (approximately 2"x 1") of 
a polymer matrix coating is weighed and then immersed in water (about 25^C) for about 15 seconds. The excess water 
on the surface of the sample is then removed by blotting the surface with a XEROX® 4200 paper. The sample is then 
weighed again. The same sample is re-immersed in water (or an additional 45 secorxjs. Then the same blotting and 
weighing procedures are again folk>ved. The integrity value is then calculated as expressed below: 

Integrity value (%) = [(Wgo - W ^^yV4 ,5) x 100% 

wherein, 

Weo is the weight at 60 seconds immersion, and 
W-5 is the weight at 1 5 seconds invnersion. 

To resist ink vehide attack and' sustain volume change upon printing, the Inventors have discovered that at least 
one of the polymer matrix coating layers in their inventive media should have an integrity value of greater than or equal 
to about -20% (preferably greater than or equal to about -10%) as measured using the at>3ve test procedure. 

The pdymer matrix coating disdosed in the present invention should be swellaWe in water at about 25*C- The 
swel lability of the coating is measured according to the follewing procedure. A sample (approximately 2" x T) of a polymer 
matrix coating is weighed and then immersed in water for about 60 seconds. The excess water on the surface of the 
sample is then removed by blotting the surface with a XEROX® 4200 paper. The sample is then weighed again. The 
swellability of the coating is caknjlated as expressed below: 

Swellability (%) « — — 5 x 100 

wherein W^o is the weight at 60 seconds immersion, and 
wherein Wq is the weight before immersion. 
The swellability of the polymer matrix coatings of the present invention shouW be greater than or equal to about 
50% (preferably greater tt^an or equal to about 100%). 
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It IS also mougm .mportani that the provided polymer matrix coatings be imageable or have an acceptable image 
qualrty Accordingly, the polymer matrix coatings should be able to recerve ink and form images. Preferably the cpti»l 
densrty of a black color image should be greater than or equal to about 1.70 (oreferably greater than or equal tolbout 
ySO) on a Wnsparency substrate having coated on a surface thereof a polymeric matrix coating as provided for herein 
^'^^H*^- ^P'*'*^')' "Measured on a Macbeth T0904 Oensitomer using a beige filter setting and a 4 mm 
aperture, with the final density reading being an average of at least three reaoings. 

In order to prepare an ink jet media encompassed hereby, the polymer matrix coatings disclosed herein can be 
applied to any surtaWe base substrate generally used to prepare an ink jet media. Exemplary of such base substrates 
are transparent plastics, translucent plastics, matte plastics, opaque plastics or papers. Furthermore, suitable polymeric 
materials for use in such base substrates include polyester, cellulose esters, polystyrene, polypropylene. poly(vinyl ace- 
^"TT ""-^ Poly(ethylene terephthalate) films are thought to be particularly prefen-ed aTbase 

sul^rates^rther. whJe almostany paper canbe usedasabase substrate, 

as base subarate papers. The thickness of the base substrate is not particularly restricted, but shoukJ generally be in 
H » about 10 mils (preferably from about 3.0 to about S.O mils). The base substrate rnay be 

pretreated to enhance the adhesion of coalings thereto. awmayoe 
According to a preferred embodiment of the invention, the polymer matrix coatings encompassed by the present 
invention addrtionally conuin about 0. i to about tS wtA^ of particulate(s) based on the weight of the dry citings 
The partieulate(s) can be used in the polymeric matrix coatings to modify the properties of the coatings and indiTe 
inorganic partculates. such as silica, alumina, kaolin, glass beads, calcium carbonate and titanium oxide as well as 
teSflwr^eSne* ^ POlyolefins. polystyrene, starch. poly(methyl methacrylate). poly(urethane) and poly- 

In practice, various additives may also be employed in the disclosed polymeric matrix coatings, if so desired These 
addrtives can include surface active agents which control the wetting or spreacing action of coating solutions antistatic 
agents, suspending agents, and acidic compounds to control the coaSngs" pH values. Other art recognized and con- 
-'5 vennonal additives may also be used if so desired. 

The surface of the base substrate which does not bear the polymer matrix coating may have a backing material 
placed mereon in order to reduce electrostatic charge and to reduce sheet-to-sheet friction and sticking, if so desired ' 
TTie backing material may be either be a polymeric coating, a polymer Mm or paper. 

Any of a number of coating methods may be employed to coat the polymer matrix onto the substrates. Methods 
such as roller coating, blade coating, wire-bar coating, dip coating, extrusion coating, air knife coating, curtain coating 
Slide coating, doctor coating or gravure coating, may be used and are well known in the art 

The following examples are given merely as illustrative of the invention and are not to be considered as lifting to 
the present inventive discovery. In the following Examples, the solid content fcr the listed ingredients is provided based 
on a part/part (wtAvt) basis. 

EXAMPLE 1 

A coating composition is prepared according to the following formulation: 
Polymer matriy.;fta|inq- 



PVP K901 


18 parts 


Copc^ymer A2 


16 parts 


Methyl Ethyl Ketone 


86 parts 


Propylene Gycol MonooiethyJ Ether 


25 parts 



1 Poty(viny! pyrrolidone). ISP Corpaation 
2- A Copolymer ol methyl methacrylate and 
hytt-oxyelhyl methaaylale 



The coating is app(ied to a polyester fflm (ICI Films) using a No. 54 Meyer rod. The polymer matrix coating is dried 
at about 1 30«C for about 2 minutes. 
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EXAMPLE 2 

A coating composition is prepared according to the following formulation: 
5 Polymer matrix coating : 



pvPKiao^ 


19 parts 


Poly(methyl methacrylate)2 


6parts 


Methyl Ethyl Ketone 


106 parts 


Propylene Glycol Monomethyl Ether 


70 parts 



1 . Poty(vinyl pyrroWone). ISP Corporalion 

2. Rohm aixj Hass Corpaation 



The coating is applied to a polyester film (ICI Films) using a No. 54 Meyer rod. The polymer matrix coating is dried 
at about 1 30'C for at>out 2 minutes. 

25 COMPARATIVE EXAMPLE I 

A coating composition is prepared according to the following formulation: 



3C 



PVP K90 


1 5 parts 


Methyl Ethyl Ketone 


60 parts 


Propylene Glycol Monomethyl Ether 


25 parts 



The coating is applied to a polyester film (ICI Film) using a No. 54 Meyer rod. The polymer matrix coating is dried 
at about 130*C for about 2 minutes.^ 

COMPARATIVE EXAMPLE II 

A coating composition is prepared according to the following formulation: 



50 
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Ptj ^iYinef matrix coating : 



PVP K90 


12 parts 


Copolymer A 


4 parts 


Qyceryi Triacetate^ 


3parts 


Methyl Ethyl Ketone 


51 parts 


Propytene Qycol Monomethy) Ether 


34 parts 


1 . Eastman Chemical Corporaiion 



The coating is applied to a polyester 
at 130 'C for atjout 2 minutes. 



f am (ICI Films) using a No. 54 Meyer rod. The polymer matrix coating is dried 



COMPARATIVE EXAMPLE 111 

XEROX® ink jet transparency film {3R3351 . Lot number XRCCOPB90-808-01). 
Pigmented inK cracking is ev^uated for the above Exan^esonaHe^ett 

jet media are not deemed suitable for many commercial applications. 



Table I 



Glass Transition Temperature, Integrity Value and Ink Cracking 



Example 


Tg rC) 


Integrity Value (%) 


Ink Crackmg 


1 


165 


7 


4 


11 


167 


8 


5 


CI 


162 


-71 


0 


Cil 


92 


3 


2 


Clll 


142 


-76 


2 



T^e atx^e results show ma. present, ^<^^'^l^ ^^S^i^Z^^'S^l^^ 
pigmemed ink aackin9.wher, compared with thecorrparatvej-Kieime^^ 

was less than that prowled for in the present inventive media. pigmented 



6 



EP 0 716 929 A1 



Claims 

1 . An ink jet medium, comprising a base substrate that has coated on a surface thereof a polymer matrix coating that 
can receive a pigmented ink and which contains at least one layer having a glass transition tenpsrature that is 

5 greater than or equal to about 1 20*C and less than or equal to about 300*C. an integrity value greater :nan or equal 

to about -20% and a swellability greater than or equal to about 50%. 

2. The ink jet medium according to claim 1. wherein said polymer matrix coating contains at least one water-soluble 
component. 

10 

3. The ink jet medium according to claim 2. wherein said water-soluble component is soluble in water In sn amount of 
about at least i% on a wt/wt basis at a temperature in a range of about 5'C to about lOO'C. 

4. The ink jet medium according to daim i . wherein said polymer matrix coating contains at least one water-insoluble 
15 component. 

5. The ink jet medium according to claim i . wherein said polymer matrix coating contains at least one water-soluble 
component and at least one water-insoluble component 

20 6. The ink jet medium according to daim 5. wherein; said water-sduWe component is solul^le in water in an amount 
of about at least i% on a wt^vt basis of the water-soluble conrponent in water at a temperature in a range of about 
S^C to about 100*C. 

7. The ink jet medium according to claim 2. wherein said water-soluble component is selected from the gro-o consisting 
25 of polyvinyl alcohol), cellulose esters. poly{vinyl pyrrolidone). gelatins, poly{vinyl acetate), starch. poly(£ :'7l'C adds). 

poly(ethylene oxide), proteins, hydroxypropyl cydodextrin. poly(2-ethy1-2-oxa2oline). alginates and water-soluble 
gums. 

8. The ink jet medium according to daim 4. wherein said water -insoluble component is selected from the group con- 
sisting of 2-hydroxyethyl methacryfate. hydroxypropyl methacrylate. 2.3-dihydroxypropyl methacrytatc. styrene. 5- 
hydroxy-3-oxapentyl methacrylate. 8-hydroxy-3,5-dioxaoctyl methacrylate. N-hydroxyethyl acrylamide. jr ethane. N- 
hydroxymethyl acrylamide. dimethylaminoethyl methacrylate. alkyl methacrylate. N-methyloacrylamide and hydrox- 
ypropyl acrylate. 

35 9. The ink jet medium according to claim i . wherein said polymer matrix coating possesses a single layer structure. 

10. The ink jet medium according to daim 1. wherein said polymer matrix coating possesses a nxjlti-layer structure. 

1 1 . The ink jet medium according to claim 1 . wherein said pdymer matrix coating upon receiving a pigmented ink gives 
*c a black image optical density of greater than or equal to about 1 .70 on a transparent substrate. 

12. The ink jet medium according to daim 1. wherein said polymer matrix coating possesses multiple dass transition 
temperatures and wherein at least one of said glass transition temperatures is greater than or equal to about 120'C 
and less than or equal to about 300*C. 

13. The ink jet medium according to daim 1. v^ierein said polymer matrix coating comprises an inorganic particulate 
which is selected from the group consisting of silica, alumina, kaolin, glass beads, caldum cartxjnate and titanium 
oxide. 

50 14. The ink jet medium according to claim 1. wrherein said polymer matrix coating comprises an organic particulate 
which is selected from the group consisting of polyoleJins, polystyrene, starch. poly(methyl methacrylate). poly(ure- 
thane). and polytetraftuoroethylene. 

15. An ink jet medium, conrprising a base substrate that has coated on a surface thereof a polymer matrix coating that 
55 can receive a pigmented ink and wNch contains at least one layer having a glass transition temperature that is 
greater than or equal to about 1 20*C and less than or equal to about 300*C. an integrity value greater than or equal 
to about -20%. and a swellability greater than or equal to about 50%: and 

said polymer matrix coating comprising a water-soliijle conrponent which is soluble in water in an amount 
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of about at least i% on a wVwt basis of the water-sofuble corr^xxient in water at a temperature in a range of about 
5*C to about lOO'C. and a water-insoluble conponem. 



8 



Best Available Copy 



EP 0 716 929 A1 



Kuropean Patent 
OITice 



EUROPEAN SEARCH REPORT 



EP 95 20 3413 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cstrtory 



Cksdoa of docuraeai with indicBnwi. »ber« appropnmtc. 



Rrirvaftt 

to cUtm 



aASSincAfioNOF the 

APPtJCATlON (1bU:L6) 



EP-A-0 594 896 (AGFA-GEVAERT N.V.) 

* page 3, line 18 - page 4, line 50 * 

* claims 1-9; examples 1-13 * 

EP-A-0 565 154 (AGFA-GEVAERT N.V.) 

* page 3, line 8 - line 15 * 

* page 4, line 15 - line 33 * 

* claims 1-8; example 1 * 

EP-A-0 487 350 (XEROX CORPORATION) 

* page 3, line 36 - line 47 * 

* claims 1,4.8,11-13,16; example 1 * 

EP-A-O 482 835 (MINNESOTA MINING AND 
MANUFACTURING COMPANY) 

* page 2, line 55 - page 3. line 7 • 

* page 3, line 28 - page 7» line 39 • 

* claims 1-13; examples 1-8 * 

EP-A-0 469 595 (XEROX CORPORATION) 

* claims 1,7-12,21-28; figures 1.2 * 

* column 9, line 38 - line 53 * 

* column 10, line 17 - column 13. line 51: 
examples 1-3 * 



1-15 



M5 



1-15 



1-15 



1-15 



B41M5/00 



The present ccvth report has bcca drswa op for ail ctaiim 



THE HAGUE 



22 February 1996 



TEftLMCAl. HtUJS 
SKARCHED aM.O.b» 



84 IM 



Bacon, A 



CATtCORY OF Cn tO OOCliMENTS 

X : ^irtiodirty nl«vsai if akta »1m« 

V : >irtiarf«rty rdcnM tf eoabiarf with i«Kfc» 

4oa»CBl of tte SUM cMxr^n 
A : iKfUMUcinl tecicra^ 
O : ao«-«rttta 4itd««rt 
r : lattmoiott tocsacat 



T : Amxri or ■riad^* oo^cflyiag tb< towfirieo 
E : «ifU<f fixmx 4oo«««t. b«t ^MifM ea. or 

ifiv tte fiUfti 4ut 
D : tocsMt dtf4 ia tht Mfltcitioa 
L : 4ectta«it dtH for otbcr rosoas 



« : c 



■Wr of tb« »m« p*t«M fomtly. comxreaiiat 



9 



